A series of polycrystalline bulk samples (Pr 0.67 Sr 0.33 MnO 3 ) 1-x / (NiO) x were prepared by solid state reaction, and its structure, electrical transport and magnetoresistance properties were investigated. X-ray analysis showed that parent compound of Pr 0.67 Sr 0.33 MnO 3 (PSMO) formed in single phase with crystal structure of orthorhombic while secondary phase of NiO can be detected with the addition of composite. The electrical properties showed that the resistivity increased with the addition of NiO due to enhancement of spin dependent-tunneling scattering across the artificial grain boundaries of NiO layer. Magnetic field dependence MR curve at various temperatures clearly indicates that extrinsic magnetoresistance had been enhanced due to addition of NiO as the artificial grain boundary.
Introduction
The discovery of the colossal magnetoresistance (CMR) effect in manganites has caused a renewed interest in these perovskites [1, 2] . Two types of CMR effects have been found in polycrystalline manganites, which are the intrinsic CMR and extrinsic CMR. The intrinsic CMR caused by the double exchange (DE) mechanism has been proposed by Zener in 1951, useful to explain the CMR phenomena observed near the Curie temperature (T C ) [3] . The extrinsic CMR is highly sensitive to a low external magnetic field so called low field magnetoresistance (LFMR) over a wide temperature range below T C . This LFMR is related to the spin dependent tunneling of polarized electrons tunneling through energy barriers at the grain boundaries which are due to the disordered structure, and the magnetic disordering on the surfaces of the grains [4] . The aligning process of magnetic disorder in each grain can occur in low magnetic fields (< 0.2 T), thus causing the steep decrease in resistance at low applied magnetic fields. Hence, it is crucial to control the grain boundary properties of polycrystalline manganites for the enhancement of LFMR. Since LFMR is applicable to magnetic devices, many studies have been made to enhance the low-field MR through controlling the grain boundary effect by reduce the grain size or forming composites of the CMR oxides with secondary phases, such as an insulating oxide [5] , magnetic material [6] , metal [7] , polymer [8] or with other CMR oxides [9] . Most of these studies have an aims to study the influence of artificial grain boundaries on electro-magnetic behavior and improve the LFMR in perovskite manganite-oxide composites. Nasri et al. reported that by increasing CuO content, the value of CMR increases as compared to that of the pure La 0.6 Ca 0.4 MnO 3 sample and the intrinsic MR (related to grain) gets enhanced from 16% for pure LCMO to 30% for the 18% CuO added sample [10] . Kim and Yoo reported a significant enhancement of low-field magnetoresistance (LFMR) was obtainable from the polycrystalline composites between La 0.7 Sr 0.3 MnO 3 and La 2 O 3 phases at room temperature are attributable to sharpening of disordered LSMO grain boundary region acting as more effective spin-dependent scattering centers. The maximum LFMR value of 2.22% at 300 K in 500 Oe could be achieved from the composite sample with addition of 10 mol% La 2 O 3 [11] . Therefore, the combination of the manganite with the characteristic second compound could be an effective route to improve LFMR effect. In this work, we report the enhanced LFMR effect by introducing insulator second phase of NiO nano-powder into ferromagnetic polycrystalline Pr 0.67 Sr 0.33 MnO 3 (PSMO) via solid-state process. The aims of this present work is to study the structural, electrical and magneto-transport properties of (1-x)(Pr 0.67 Sr 0.33 MnO 3 )/xNiO composites.
Material and Method
Polycrystalline samples of Pr 0.67 Sr 0.33 MnO 3 (PSMO) were synthesized by solid state reaction method. The stoichiometric ratio of Pr 6 O 11 , SrCO 3 and MnO 2 powder were mixed in ball-milling for 24 hours and dried in the oven at 100 °C for 6 hours. The homogeneous powder was ground and calcined at 900 °C for 12 hours and then reground and sieved before pre-sintered at 1200 °C in 24 hours. The obtained powder of PSMO and NiO powder (20 -50 nm) were well mixed in ratio of (1-x) (Pr 0.67 Sr 0.33 MnO 3 ) / x(NiO) with x = 0 %, 5 %, 10 %, 15 % and 20 %. The well mixed powder were pressed into 13 mm pellet and annealed at 800 °C in 2 hours. The structural of the samples were characterized by X-ray diffraction (XRD, Phillips PW 3040/60 Xpert Pro) using a CuKα radiation at room temperature. The temperature dependence of the resistivity as a function of temperature (80 -300 K) were carried out by Lake Shore 7604 Hall Effect measurement system with applying the magnetic fields (0 -1 Tesla). Figure 1 showed the XRD pattern of (1-x) (Pr 0.67 Sr 0.33 MnO 3 )/ x(NiO) with x = 0 %, 5 %, 10 %, 15 %, 20 % at room temperature. For pure sample, the result showed that single phase of orthorhombic with space group of Pnma (62) (ICSD: 95585) and no detectable secondary phase can be observed. For the composite sample with x = 5 %, no peaks related to NiO were found. It implies that at lower addition of NiO it is less segregated at the grain boundary of PSMO [12] . For higher addition of NiO (x > 5 %), the relative peaks intensity of NiO is gradually increased where all samples showed a set of XRD peaks which are corresponding to PSMO phase and NiO phase (ICSD: 24014) with space group of m Fm  3 (marked as "*") and crystal structure of cubic. The peaks of PSMO remained unshifted by adding NiO suggested that NiO remains at the grain boundaries or on the surfaces of the PSMO grains to formed two phase material composite [6] . Figure 2 present the temperature dependence of resistivity measured in the temperature range of 80 -300 K for all samples. It can be found that all samples undergo metal-insulator transition (T MIT ) behaviour where the pure PSMO showed T MIT at 286 K. However, with increasing NiO, the resistivity of PSMO/NiO composites increases and the T MIT shift towards lower temperatures. The T MIT are measured at 178, 162, 120 and 96 K for x = 5 %, 10 %, 15 % and 20 %, respectively and these values are much lower than the value of T MIT observed for pure PSMO. The different electrical transport property and higher resistivity of the composites samples can be related to the addition of NiO between the PSMO grains. In pure PSMO, the electrical transport is achieved through a direct contact among the PSMO grains. However, with addition of NiO, there are two kinds of conduction channels connected through each PSMO grain [6, 10] . The first one is related to PSMO grains, which determines the transport properties of the system through direct contact among PSMO grains. The second is related to the addition of NiO which is segregated at the grain boundaries or on the surface of PSMO grains. This NiO grains boundaries act as energy barriers of the electrical transport process, increasing the resistivity. The magnetic field dependence of % MR for all sample at temperature range from 80 -300 K are shown in Figure 3 . The MR ratio is defined as % MR = (ρ H -ρ o )/ ρ o X 100 % where ρ 0 and ρ H are the resistivity values for zero and applied fields, respectively. Below 0.2 T field, the % MR increases rapidly with increasing field, which is related to the LFMR effect. At larger field (> 0.2 T), the MR almost linearly increases with increasing field which is induced by the bulk phase of the PSMO grains. The LFMR effect is greater in the composites samples as compared to the pure PSMO and the value of % MR increases with increasing NiO content. The enhancement of LFMR seems to be due to the enhanced of tunneling process across PSMO grains boundaries since the added NiO is mainly segregated at the surface or grain boundaries of PSMO [12] . The addition of NiO increases the magnetic spin disorder at the grain boundaries of PSMO causing the increment of magnetic domain scattering. Since spin polarized tunneling or scattering between neighboring grains of manganites is responsible for the LFMR effect in polycrystalline samples, the addition of NiO might create a high energy barrier at the grain boundaries. Many works [4, 10, 11, 12] shown that artificial grain boundary do alter the spin dependent tunneling and scattering effect. These scattering or tunneling effect leads to the enhancement in resistivity in the absence of an external magnetic field. However, under a small external magnetic field, the spin disorder is suppressed and the Mn 3+ /Mn 4+ spins in the disorder region realign along the magnetic field direction. This caused a 
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